Objective: To examine the association between intake of dairy products and indicators of diet quality among a sample of Australian children. Methods: Three 24-hour recalls were collected from 222 children aged 8-10 years living in western Sydney. Analysis of covariance was used to examine differences in mean intakes of foods and nutrients among 3 dairy consumption groups (<1 >serve, 1-2 serves, ≥2 serves per day). The percentage of children meeting healthy eating guidelines for foods and estimated average requirements (EAR) for nutrients was also assessed. Results: Higher dairy consumption was associated with higher intakes of energy, protein, calcium, phosphorus, magnesium, potassium, zinc, vitamin A, riboflavin, and niacin as well as foods from the bread and cereal group but lower intakes of mono-and polyunsaturated fats, foods from the meat and alternatives group, and energy-dense, nutrient-poor foods. Children who consumed ≥2 serves of dairy products per day (38%) were more likely to meet food and nutrient recommendations. Body mass index z-score and waist circumference were not associated with dairy consumption. Milk intake was inversely associated with the intake of sugar-sweetened beverages, and children who did not meet their minimum dairy serve recommendations consumed higher quantities of sugar-sweetened beverages than milk. Conclusions: Adequate dairy consumption was associated with diets of higher nutritional quality but also higher intakes of energy, suggesting a potential benefit from shifting consumption from regular-fat to reduced-fat dairy products in line with current national recommendations. Objective: To examine the association between intake of dairy products and indicators of diet quality among a sample of Australian children.
INTRODUCTION
Good nutrition in childhood is an important contributor to health and well-being and the prevention of chronic diseases prevalent in Australia. Inadequate intakes of calcium and other nutrients during childhood may increase the risk of developing osteoporosis in later life. The best protection against osteoporosis and consequent fracture risk is the attainment of a high peak bone mass achieved by consuming a diet high in calcium during childhood and adolescence [1] . Accumulating evidence suggests that a diet high in dairy products may also confer some protection against high blood pressure, cardiovascular disease, and overweight and obesity [2] [3] [4] [5] .
The 2007 national dietary survey of children in Australia reported that a substantial proportion of preteen children and adolescents had intakes below the recommendations for calcium: 35-50% of boys aged 9-16 years, 55% of girls aged 9-11 years, and 82-89% of girls aged 12-16 years [6] . These results were consistent with those of the 1995 National Nutrition Survey (1995 NNS) in which girls aged 12-15 years were most likely to have intakes below recommendations [7] .
Dairy foods are an important dietary source of several nutrients including calcium, protein, potassium, magnesium, phosphorous, riboflavin, niacin, vitamin A, and vitamin B12. In the 1995 NNS, two thirds (66%) of calcium intake was derived from milk products and dishes for children aged 2-11 years [7] . Further, both surveys showed that children fall well below the recommended number of daily serves of dairy products as outlined in the Australian Guide to Healthy Eating (aged 4-11 years: 2 serves, older children: 3 serves) [8] . Approximately 30% of children aged 2-18 years consumed less than 1 serve of dairy products, 50% consumed between 1 and 3 serves, and 20% consumed 3 or more serves [1] . Intakes were lowest in adolescent girls, with 44% consuming less than 1 serve and only 12% consuming more than 3 serves.
Consuming less than the recommended amounts of dairy products has been shown to be associated with many indicators of poor diet quality, including micronutrient intakes below recommended levels for magnesium, potassium, zinc, folate, thiamin, riboflavin, and vitamins B6, B12, A, D, and E [9] [10] [11] [12] [13] [14] ; higher consumption of noncore foods [15] ; and higher consumption of sugar-sweetened soft drinks [11, 12, 16, 17] .
The displacement of milk intake with soft drinks and other sugar-sweetened beverages (SSB) is of particular concern. National dietary surveys in the United States between 1977 and 2001 have shown an increase in sweetened beverage consumption and a decrease in milk consumption among children and adults. Energy intake from sweetened beverages increased 135%, while energy from milk decreased by 38% [18] . Larger portions and more frequent consumption accounted for much of the increase in SSB, while smaller portions and less frequent consumption contributed to the reduction in milk intake. Similar trends have been seen in Australia between 1983 and 1995 [19] .
In this study, we examine the dietary intakes of a sample of 8-to 10-year-old Australian children participating in the longitudinal Childhood Asthma Prevention Study (CAPS). In particular, we report on the cross-sectional associations between intake of dairy products and selected indicators of diet quality (meeting food and nutrition recommendations) and the relationship between the consumption of milk and SSB.
METHODS Study Background and Subjects
The subjects were part of CAPS, a longitudinal study that began as a randomized controlled trial to assess the effects of 2 interventions on the primary prevention of asthma: an omega-3-supplemented diet and house dust mite reduction for the first 5 years of life. Pregnant women whose unborn children were at risk of developing asthma were recruited from antenatal clinics of 6 hospitals in western and southwestern Sydney, Australia, from 1997 to 2000. Ethics approval for the study was obtained from the human research ethics committees of each of the participating hospitals, the Area Health Services in which the hospitals were located, and the University of Sydney.
Of 7171 pregnant women screened, 2095 (29%) were eligible for inclusion and 538 (25.7% of those eligible and 7.5% of those initially screened) completed an assessment when their child was 18 months old. Further details about the intervention, recruitment, and the extent to which the study population differed from the women who satisfied the selection criteria and the local population of comparable age have been reported by Mihrshahi et al. [20] . In brief, a higher proportion of fathers and mothers of CAPS children had tertiary education and were Australian born, compared with those who did not participate in the study and the population of western Sydney in general.
The first dietary assessment in CAPS was undertaken between 1999 and 2002, when the children were 18 months of age. Three-day weighed food records were completed satisfactorily on 429 children [21] . The second dietary assessment (reported in this article) was undertaken in 2007-2008 on a subgroup of children aged approximately 9 years of age. Because of budgetary constraints, only 280 of the 429 children who participated in the first dietary assessment were contacted and invited to participate in a second dietary assessment. The invited children did not differ from the uninvited children by weight, height, body mass index (BMI), or energy intake at age 18 months, but father's education levels were higher in the sample of invited children and mother's age at birth of child was lower. Of these 280 children, 43 children (15.3%) were unwilling to participate and 15 children were excluded from the analysis because they did not complete all 3 days of recalls (n ¼ 12) or misreported their energy intake (n ¼ 3). Criteria for underreporting and overreporting were based on the Goldberg cutoff points for EI:BMR for children (4.5 MJ and 12.6 MJ, respectively) [22] . The final number of children for whom there were 3 days of recall was 222. Interviewers sought to obtain recalls on 2 weekdays and 1 weekend day, and this was achieved for 70% of the children. Participants were provided with 2 movie passes after successful completion of 3 dietary interviews as an incentive to participate.
Dietary Intake and Data Analysis
Food and nutrient intakes were assessed from 3 nonconsecutive 24-hour recalls using the multiple-pass approach [23] . All interviews were conducted on the telephone by trained research dietitians. Children themselves were the respondents with adult input as needed regarding brand names, food descriptions, ingredients in mixed dishes, cooking methods, and estimates of portion sizes. A food model booklet similar to that used in the 2007 Children's Survey [23] was mailed ahead to all participants to assist in estimating portion sizes. The booklet contained life-size diagrams and drawings depicting various serving sizes and food containers.
Twenty-four hour recall data were entered during the interview into a custom-designed interviewer-scripted data collection/entry/coding and analysis program. The use of this automated data entry method contributed to greater consistency in interviewing and coding reported foods. The NUTTAB 2006 food composition database was used to derive estimates of food groups and nutrient intakes [24] . A sample of recalls was taped for each interviewer and reviewed for quality assurance by a supervising research dietitian, who provided regular feedback on interviewing and entry procedures. Food lists for each subject were exported and checked, and coding and data entry errors were corrected.
Data from this program were exported into SPSS for further checking and analysis. The distributions of selected foods and nutrients were reviewed for extreme values, and the recalls for these subjects were further checked for errors or verified before further analysis. Usual food group and nutrient intakes were estimated for each individual by adjusting for within-person variability using the Multiple Source Method (MSM) [25, 26] . Nutrients contributed from vitamin and mineral supplements have not been considered in this analysis.
Serves of dairy products were calculated by adding weights consumed of milk (258 g or 250 ml of any type of fluid milk), cheese (40 g of hard or soft cheese, including from composite dishes), yoghurt (200 g of any type of yoghurt), and custard (280 g of any type of custard made with milk). Dairy products were classified as regular fat (milk .3.5%, cheese .20%, yoghurt .3%) or reduced fat (milk ,2%, cheese ,20%, yoghurt ,0.5%) products. Fruit included all types of raw, dry, and cooked fruit but excluded fruit juice. A serve of fruit was calculated as 150 g of fresh/ canned fruit or 20 g of dried fruit. Vegetables included all types of raw and cooked vegetables and legumes but excluded hot chips. A serve of vegetables was calculated as 75 g. ''Meat and alternatives'' included all red and white meats, fish, eggs, nuts, and seeds. If meat or fish was a major ingredient in a composite dish (e.g., bolognese sauce, meat pie, hamburger), 50% of the weight of the dish was assigned to the meat category. A serve of meat or alternatives was calculated as 80 g of red/white meat, 100 g of fish and eggs, or 50 g of nuts and seeds. Bread and cereals included breads, rolls, breakfast cereals, pasta, and rice but excluded noncore cereal foods such as cakes and biscuits. If the major ingredient in a composite dish was cereal (e.g., macaroni cheese, spaghetti in meat sauce, lasagne), 50% of the weight of the dish was assigned to the cereal category. A serve of bread and cereals was calculated as 60 g of bread, 40 g of breakfast cereals and flour, 180 g of pasta and rice, or 230 g of porridge. Nondairy core foods included all fruit, vegetables, bread and cereals, and meat and alternatives. SSB included soft drinks, cordials, fruit drinks, fruit juice, and infant juice but excluded artificially sweetened beverages. Total extra foods included all foods coded as extra or noncore based on the criteria used by Webb et al. [21] . In brief, extra foods were mainly energy-dense, nutrient-poor foods containing substantial amounts of fat and/or sugar such as cakes, biscuits, confectionery, soft drinks, crisps, fried take-away foods, and fats.
Anthropometric Measures
Children's weight, in kilograms, and height and waist circumference, in centimeters, were measured by research nurses when children were 8 years old (range, 7.8-9.2 years), approximately 1 year prior to dietary assessment. Weight was measured to the nearest 0.1 kilogram and height to the nearest 1 cm. Waist circumference was measured with a flexible steel tape at the level of the narrowest point between the lower costal border and the iliac crest. If there was no obvious narrowing, the measurement was taken at the midpoint between the 2 landmarks. Children were dressed in light clothing without shoes. The proportion of children overweight or obese was based on Centers for Disease Control and Prevention growth charts [27] (overweight .85th and ,95th percentile, obese .95th percentile).
Demographic and Health Information
Data on the following potential confounding factors were collected at baseline: child's age and sex, mother's age at birth of child, mother's and father's education level (defined as primary/secondary education or vocational/university education), mother's and father's countries of birth (Australia/New Zealand or other), postcode (used to derive a Socio-Economic Index for Areas score) [28] , and mother's smoking status during pregnancy (yes/no).
Statistical Analysis
Children's intakes of dairy foods were classified into 3 categories (,1 serve, 1 to .2 serves, !2 serves/day) to examine associations between the intake of dairy products and other aspects of the diet, as well as sociodemographic characteristics. A fourth category of dairy intake was considered (!3 serves/day), but due to small numbers (n ¼ 21), these children were grouped with those consuming !2 serves/day.
Significant differences between children in the 3 categories of dairy intake in relation to sociodemographic variables and intakes of foods and nutrients were examined using analysis of covariance (ANCOVA). All models were adjusted for age, sex, parental education, and total energy intake. Mean intakes and standard errors (SE) are presented in Tables 1-3 . If ANCOVA was significant, post hoc tests were used to examine differences between the groups using the Tukey test. Tests for linear trends were performed across the 3 categories to examine trends between an increase in dairy consumption and variables of interest. ANCOVA was also used to examine the association between the consumption of milk and SSB.
Selected measures of diet quality were assessed including the percentage of children meeting recommendations for nutrient intakes based on estimated average requirements (EAR) [29] and the percentage of children meeting national food-based recommendations described in the Australian Guide to Healthy Eating [8] . Chi-square analysis was used to examine associations between categorical data. p Values less than 0.05 were considered statistically significant. PASW release 18 (SPSS Inc., Chicago, IL) was used for all analyses. Table 1 describes characteristics of the study sample, which included 121 boys and 101 girls with a mean age of 9.2 years (range, 8.2-10.5 years). More than one quarter of children were found to be overweight (19.6%) or obese (7.4%). Age at dietary interview showed a significant positive association with dairy consumption, although the mean differences between dairy intake categories were small. In addition, higher parental education was associated with higher dairy consumption. BMI, BMI z-score, and waist circumference measured 1 year previously (at age 8 years) were not associated with dairy intake at age 9 years. Nearly all children (98.2%) consumed at least some dairy products during the 3 days of dietary recall, with a median intake of 1.8 dairy serves per day. Three quarters of dairy serves (74.0%) consisted of regular-fat dairy products, with 66.2% of milk, 89.1% of cheese, 67% of yoghurt, and 100% of custard being regular fat. There were no significant differences between boys and girls in the consumption of regular-fat or reduced-fat dairy products (boys consumed 76.0% of dairy products as regular-fat varieties, compared with 73.2% for girls, p ¼ 0.37).
RESULTS

Descriptive Statistics
In all 3 groups of dairy consumers, milk contributed more than 50% of total dairy serves, while approximately one third came from cheese and 10% from yoghurt and custard. There were no significant differences or trends in the types of dairy products consumed between the 3 categories of consumers. In addition, there were no significant differences in the proportion of reduced-fat dairy products consumed between the 3 categories of consumers (19%, 28%, and 25% for those consuming ,1 serve, 1 to ,2 serves, and !2serves per day, respectively; p ¼ 0.29), and the proportion of children who consumed only regular-fat dairy products (47%) was also similar between the three categories ( p ¼ 0.23).
The associations between consumption of dairy products and other core foods, as well as extra foods, is shown in Table  2 . The consumption of meat and alternatives and total extra foods was lower among children with higher dairy consumption, whereas consumption of bread and cereals was higher. Children who consumed 2 or more serves of dairy products and therefore met the minimum recommended intake for dairy were more likely to also meet the recommendations for bread and cereals. For the overall sample, only 38% of children consumed 2 dairy serves per day. The minimum recommendations for fruit (1 serve), vegetables (3 serves), and bread and cereals (three serves) were met by 32%, 5%, and 42% of children, respectively. In contrast, the majority of children (93%) consumed the recommended amount of meat and alternatives (1 serve). Table 3 shows the energy and nutrient intakes of the children across the categories of dairy consumption. Increasing dairy intake was associated with increased intake of energy and most nutrients including protein (g and %E), calcium, phosphorus, magnesium, potassium, zinc, vitamin A, riboflavin, and niacin. However, increasing dairy intake was associated with reduced intake of monounsaturated fat (g and %E) and polyunsaturated fat (g and %E).
In addition, the percentages of children who met the EAR for selected micronutrients (i.e., those who have been assigned an EAR) are shown in Table 3 . Higher dairy consumption was associated with children being more likely to meet the EAR for calcium, phosphorus, magnesium, vitamin A, and riboflavin. For the overall sample, the EAR for calcium intake was met by 71% of children: 84% of 8-year-olds and 60% of 9-to 10-yearolds.
As the fat content of dairy products may affect nutrient intake, we examined the differences in the intakes of fat, saturated fat, and vitamin A of children who consumed only regular-fat dairy products versus those who consumed a mixture of reduced-fat and regular-fat dairy products (only 4 children consumed reduced-fat dairy products alone). Regular-fat dairy consumers had higher intakes of total fat (%E) and saturated fat (%E) compared with children who consumed a mixture of reduced-fat and regular-fat dairy products (total fat: 32.7% vs 31.1%, p ¼ 0.001; saturated fat: 14.4% vs 13.5%, p ¼ 0.001). There were, however, no significant differences in the proportions of children who met the EAR for vitamin A (regular-fat milk group: 93% vs mixed group: 90%, p ¼ 0.38).
Milk and SSB
In addition, the relationship between the consumption of milk and SSB was explored. This model, adjusted for age, sex, parental education, and energy intake, showed an inverse relationship between the consumption of milk and SSB (p ¼ 0.008). Post hoc tests revealed that children in the highest tertile of milk consumption (i.e., .318 g milk per day) had a significantly lower intake of SSB than those in the lowest tertile (i.e., ,179 g milk per day); 277 (21.1) g versus 373 (20.5) g of SSB per day. Both total energy intake and parental education were significant confounders in this model.
DISCUSSION
This study describes the differences in nutritional quality of diets, by quantity of dairy food consumption, among a sample of 8-to 10-year-old Australian children. Greater dairy consumption was associated with higher intakes of bread and cereals but lower intakes of meat and alternatives and total extra foods. Intakes of nutrients including protein, calcium, phosphorus, magnesium, potassium, zinc, vitamin A, and riboflavin were higher among children with greater dairy consumption, but so were intakes of energy. These results were reflected in the finding that a higher percentage of children who consumed at least 2 serves of dairy products met the recommended core food intakes and the EARs. Nevertheless, BMI z-scores and waist circumference (measured 1 year prior to dietary assessment) did not differ between children who consumed low or high intakes of dairy products.
Although nearly all children consumed at least some dairy products over the 3 days of recall assessment, fewer than half consumed the minimum recommended amount of 2 dairy serves per day, and two thirds met the EAR for calcium intake. These results are similar to those reported using the 2007 Children's Survey, in which 89% of 4-to 8-year-olds and 55% of 9-to 11-year-olds met the EAR for calcium intake [6] . In our study, fluid milk was the highest contributor to dairy consumption at more than 60%, followed by cheese. Regular-fat dairy products were consumed more commonly than reduced-fat products, with three quarters of all dairy products consumed being regular fat. These findings are inconsistent with current national guidelines that recommend a shift to the consumption of reduced-fat dairy products among children older than 2 years [1] .
Children with dairy intakes of at least 2 serves per day consumed diets that were characterized by higher intakes of energy, protein, calcium, magnesium, potassium, phosphorous, zinc, vitamin A, riboflavin, and niacin but lower intakes of monounsaturated and polyunsaturated fat (percentage energy) and no differences in total fat or saturated fat intake. Although all children met the EAR for iron, zinc, thiamin, riboflavin, niacin, and vitamin C, there were differences in other nutrient intakes between the dairy consumption categories. Children who consumed ,1 dairy serve per day were at highest risk of not meeting the EAR for calcium, with only 40% having adequate intakes. This increased to 72% of children who consumed between 1 and 2 dairy serves per day. Other nutrients at risk for children who consumed less than 2 serves of dairy per day included magnesium, phosphorous, and vitamin A. In contrast, more than 95% of children who consumed !2 dairy serves per day met the EARs for calcium, phosphorus, magnesium, vitamin A, and riboflavin.
These findings are consistent with those of numerous other studies that dairy consumption has a substantial influence on the quality of children's diets, particularly micronutrient intakes [9] [10] [11] [12] [13] [14] 30] . The intake of fatty acids by dairy consumers is also of interest. Intakes of total fat and saturated fat were similar among the three groups of dairy consumers, whereas intakes of mono-and polyunsaturated fat were lowest among the children who consumed .2 dairy serves per day. Children who consumed only regular-fat dairy products, however, had higher intakes of total fat and saturated fat (%E) compared with children who also consumed reduced-fat dairy products. These patterns have been described previously [12, 31, 32] .
A recent Australian intervention study in 4-to 13-year-old children showed that replacing regular-fat dairy products with reduced-fat products resulted in a 3.3% reduction in saturated fat intake (as % energy) after 24 weeks and a 4.8% reduction in total fat (% energy) [33] . Concomitantly, energy intake was 195 kJ lower in the intervention group after 24 weeks but was not statistically significant, and no changes in measures of adiposity were found. In addition, no differences were found in vitamin A content between the control and intervention group. Similarly, we found that children who consumed reduced-fat dairy products (with lower vitamin A content) were just as likely to meet the EAR for vitamin A as children who consumed regular-fat dairy products. These findings suggest that replacing regular-fat products with reduced-fat products is an appropriate intervention in a healthy population with no adverse effects on meeting vitamin A requirements.
Food group consumption data showed that intakes of bread and cereals were greater among higher dairy consumers whereas intakes of meat and alternatives and total extra food intake were lower. Other studies have reported a positive association between fruit and dairy consumption in adults [31, 32] and an inverse association between meat and dairy consumption [31] . The amounts of extra or energy-dense, nutrient-poor foods and beverages consumed was approximately 140 g higher among children who consumed ,1 dairy serve per day compared with children who consumed !2 dairy serves per day. Also of concern, children who consumed ,2 dairy serves a day were found to drink higher quantities of SSB (soft drinks, cordials, fruit drinks, and fruit juices) than milk. Only children who consumed !2 dairy serves per day drank more milk (390 g or 1.6 cups) than SSB (310 g or 1.2 cups).
Further analysis of milk consumption alone revealed an inverse trend between the consumption of milk and SSB. These findings are supported by many other cross-sectional [16, [34] [35] [36] [37] [38] [39] and longitudinal studies [11, [40] [41] [42] . In the US Iowa Fluoride Study, this relationship started as early as age 2, with milk intakes being inversely associated with intakes of juice drinks, soda pop, and added-sugar beverages [11] . A longitudinal study of children aged 6-13 years found that excessive consumption of sweetened drinks (.360 ml) displaced half a cup of milk (125 ml) from their diet [40] , whereas another study reported that children who consumed soda at age 5 had lower milk and milk-related nutrient intakes between 5 and 15 years [43] .
It is likely that a higher consumption of dairy foods not only is a contributor to increased nutrient intake, in particular calcium, vitamin A, and riboflavin, but may also be a marker for healthier eating habits. (i.e., lower extra food intake in highdairy consumers). Parental education and energy intake were significant confounders in the models, with parental education being associated with higher dairy consumption and lower consumption of SSB. There were no differences between boys and girls, but we cannot exclude the possibility of other confounders that were not measured in this study.
The collection of 3 days of dietary recall data enables the estimation of usual intake, which is one of the main advantages of this study. One of the limitations, however, is that the children involved in the CAPS study cannot be considered a random sample of the Australian population. Although the socioeconomic status of their families as indicated by postcode was similar to that of the Australian population (Australian median score of 1000 compared with the CAPS median score of 995), parents were more likely to be tertiary educated and Australian born, and study children all had a family history of asthma [20] . The proportion of children overweight or obese was similar to the Australian population [6] . Another limitation was the collection of dietary data and anthropometric data at separate time points, approximately 1 year apart. This was unavoidable as dietary data were collected by phone with no opportunity for research staff to measure height, weight, or waist circumference.
In conclusion, a higher dairy intake by a select group of Australian children was associated with diets that came closer to meeting nutrient and food intake recommendations. Of concern, many children fail to meet the minimum recommended number of dairy serves and calcium requirements and consume regular-fat dairy products in preference to reduced-fat varieties.
